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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
TECHNICAL MEMORANDUM x-166 
THE STATIC STABILITY CHARACTERISTICS OF SEVERAL 
PRELIMINARY MODELS OF THE x-15 RESEARCH 
AIRPLANE AT MACH NUMBERS 
OF 2.98 AND 4.01* 
By Robert W. Dunning 
SUMMARY 
An investigation has been conducted in the Langley high Mach number 
jet to determine the static stability characteristics of several pre- 
liminary models of the X-15 research airplane. For each model, tests 
of the complete airplane and various combinations of its components were 
made at Mach numbers of 2.98 and 4.01 and Reynolds numbers from 2 x 10 6 
to 4 x 10' based on wing mean aerodynamic chord. 
were obtained through angles of atl;ack from -4' to 24' at angles of side- 
slip from - 5 O  to 1'. The results indicate that in general the stability 
characteristics of configuration 3 were satisfactory and that shortening 
the leading edges of the side fairings and changing the section of the 
horizontal tail from a modified NACA 66-005 to a wedge section resulted 
in appreciable longitudinal stability increases. Similarly, increasing 
the amount and proportion of the ventral tail area and using a wedge 
section on the upper and lower vertical tail improved the yawing-moment 
Six-component data 
characteristics throughout the angle-of-attack range. 
IPODUCTION 
A program for the design and construction of a high-speed research 
airplane for exploration in the hypersonic speed range at high altitudes 
has been underway for the past several years. This airplane, designated 
the X-15, has evolved through numerous design studies and wind-tunnel 
test programs to its present form. This report presents, with only a 
minimum analysis, the static stability results obtained in the Langley 
c * Title, Unclassified. 
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high Mach number jet at Mach numbers 3 and 4 for several of the varia- 
tions in the evolution of the airplane. 
SYMBOLS 
The results of the tests are presented as standard coefficients of 
forces and moments. The data are referred to the body axis (fig. 1) 
with the exception of lift and drag which are referred to the stability 
axis. The reference center of gravity is at 25 percent of the wing mean 
aerodynamic chord. 
wing span 




CN sin a + CA cos a 
CN cos a - CA sin a 









(2)B=oo rolling-moment-curve slope per deg, 
pitching-moment coefficient, %/qSc 
normal-force coefficient, -Fz/qS 
yawing-moment coefficient, %/qSb 
yawing-moment-curve slope per deg, 
s i de - for ce coe f f i ci ent , Fy / qS 
p=00 
side-force-curve slope per deg, 









C wing mean aerodynamic &md (base4 on t o t a l  wing area  
including area submerged i n  fuselage) 
M Mach number 
MX moment about X-axis 
MY moment about Y-axis 
*Z moment about Z-axis 
9 dynamic pressure 
S 
FX force along X - a x i s  
t o t a l  wing area  including area  submerged i n  fuselage 
FY force alcrng Y-axis 
FZ force along Z-axis 
U angle of a t tack,  deg 
P angle of s ides l ip ,  deg 
'b drag brake angle t o  v e r t i c a l - t a i l  center  l i n e ,  deg 
horizontal-  t a i l  deflection, deg 'h 
'V v e r t i c a l - t a i l  deflection, deg 
Subscripts:  
B model base 
b dive brake on v e r t i c a l  t a i l s  
h horizontal  t a i l  
L l e f t  ho r i zon ta l - t a i l  panel 
2 lower v e r t i c a l  t a i l  
R r i g h t  hor izonta l - ta i l  panel 
A 
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Tests of three X-15 configurations were conducted in the Langley 
high Mach number jet. The settling-chamber pressure was held constant 
by a pressure-regulating valve, and the corresponding air temperature L 
was continuously recorded during each run. 5 
7 
4 A sting-mounted strain-gage balance which measured internally nor- 
mal force, side force, pitching moment, and yawing moment and externally 
rolling moment and axial force was used to obtain the data. A wind 
shield over the external part of the balance extended to the base of 
the model and eliminated wind tare loads. Base pressures were measured 
simultaneously with the force measurements. During the tests of con- 
figuration 3, a failure occurred in the rolling moment and axial-force 
components, such that the majority of the data for this configuration 
consists only of the four internal components. 
P 
MODELS 
Three 0.02-scale configurations of the X-15 were tested. The geo- 
metric characteristics of each configuration are given in table I. Fig- 
ure 2 illustrates the basic differences of each configuration. Detailed 
three-view drawings of configurations 1, 2, and 3 are presented, respec- 
tively, in figures 3 ,  4, and 5. In changing from Configuration 1 to con- 
figuration 2 the following changes in model geometry were made. The 
wing was moved aft and the iiorizontal tail was moved forward; the leading- 
edge radii of the wing, tails, and fuselage were increased; the nose of 
the fuselage was made blunter and the diameter of the cylindrical portion 
was increased; the trailing edge of the side fairings was enlarged; and 
the landing skids were moved from under the wing to a position under the 
horizontal tail. In changing from configuration 2 to configuration 3 the 
changes in model geometry were fewer and consisted of moving the leading 
edge of the side fairings back along the fuselage, changing the distri- 
bution of vertical-tail area above and below the fuselage, and reducing 
the dive brake area. It should be noted that two different vertical 
tails were tested on configuration 3, and two different horizontal tails 
were tested on configuration 2. Detailed drawings of the vertical tails 
for a l l  the configurations are shown in figure 6 and the detail drawings 
of wings and horizontal tails are shown in figure 7. 
& 
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Since the X-15 program has been coordinated by North American 
Aviation, Incorporated, the various models described above have been 
t e s t e d  i n  other research f a c i l i t i e s  under the  North American designa- 
t i o n s  l is ted i n  the  appendix. 
TESTS 
The tests were conducted a t  Mach numbers of 2.98 and 4.01. 
Reynolds number f o r  each configuration i s  as shown i n  the  following 
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The t e s t s  were run a t  humidities below 5 x pounds of water 
vapor per pound of dry a i r .  This is believed t o  be low enough t o  elim- 
ina t e  water-condensation e f f e c t s .  The t e s t  sect ion s t a t i c  temperature 
and pressure did not reach the point where l iquefac t ion  of air  would 
take place.  
Three configurations with various components were t e s t ed .  Data 
were obtained f o r  angles of a t t a c k  from -4O t o  24O and angles of side- 
s l i p  of - 5 O  t o  10. 
PRECISION OF DATA 
The probable average uncertaint ies  i n  the  t e s t  data  due t o  the 
accuracy l imi t a t ions  of the  balances, recording equipment, and the abil- 
i t y  of the system t o  repeat data points a r e  l i s t e d  i n  the following t ab le :  
CA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ko.001 
CD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ko.001 
C L . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ko.006 
6 
e e e.. e. 
e e e e e m  
m e  e e  e e e . .  
e. e.. e e.. e. e.. e. ' , t *  & * *  
c 2 . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  t0.0002 
c , . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  to. 002 
C N . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.006 
Cn. s .  - - * - * * - - * * - - .  . - +0.0003 
c y . . . . . . . . . . . . " . . . . ' . . . . . . . . . .  +_o .001 
a,deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.1 
p,deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  k O . 1  




Representative plots of the aerodynamic characteristics of the con- 
figurations are presented in figures 8 to 18. Tabulated values are pre- 
sented in tables I1 to VI. Figure 19 illustrates the axial-force coeffi- 
cient due to base pressure for some of the configurations. Since it was 
so close to zero no correction for base pressure has been made to the 
data presented in the figures and tables. Figures 20 to 23 contain some 
of the more important slope parameters. 
Configuration comparison.- In comparing configuration 2 with con- 
figuration 1 (figs. 8, 11, and 20) the effects of shortening the moment 
arm between the center of gravity and the horizontal tail, lengthening 
the moment arm between the center of gravity and the nose, and decreasing 
the nose fineness ratio are apparent in the somewhat lower longitudinal 
stability of configuration 2. In addition, the blunter body (both nose 
radius and body diameter) and blunter wing and tail leading edge of con- 
figuration 2 contributed to a higher drag configuration. Elimination 
of the leading edge of the side fairings of configuration 3 (figs. 15 
and 20) had the very desirable effect of improving the longitudinal 
stabiliby to the point that configuration 3 was more stable than 
configuration 1. 
Little or no interference is apparent between the various tail 
components (figs. 9, 12, and 17) at the higher angles. The negative 
increment,in pitch when the vertical tails are added has been observed 
previously (ref. 3) and is due to the differential drag of the upper 
and lower tails. 
Effect of horizontal-tail section.- The majority of the data were 
obtained with a modified NACA 66-005 section horizontal tail. However, 
some tests were made using a wedge-section horizontal tail as suggested 
in reference 2 to see how much improvement in stability could be obtained 
using this approach. It can be seen (figs. 14 and 20) that an increase 
in stability of'approximately 5 percent of 
10 percent of 
forces and moments. 
C at 2.98 and approximately 
C at 4.01 was realized with little effect on the other 
7 
Dive brakes.- The e f f e c t  on the longi tudinal  and l a t e r a l  s t a b i l i t y  
cha rac t e r i s t i c s  of opening the dive brakes can be seen i n  figures 10, 
13, 21, and 23. The var ia t ion  i n  pi tching moment ( f i g s .  10 and 13) can 
be explained by an examination of the geometry of t he  upper t a i l  as com- 
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A t  zero angle of a t t a c k  the larger  drag of the  upper t a i l  brakes 
(due t o  l a rge r  f r o n t a l  a rea  and aspect r a t i o )  plus  the  longer moment 
a r m  f o r  the drag t o  a c t  through combine t o  give a ne t  pos i t ive  p i tch ing  
moment as the drag brake angle increases.  A s  the angle of a t t ack  
increases  the e f f e c t s  of the  wing flow f i e l d  ( r e f .  1) reduce t h i s  e f f e c t  
u n t i l  a t  the higher angles of a t tack  the  e f f e c t  of the  lower f i n  i s  pre- 
dominant and with an increase i n  dive brake angle there  i s  a negative 
increase i n  pi tching moment. With increasing dive brake angle the  
increased effect iveness  of the ve r t i ca l  t a i l  i n  l a t e r a l  and d i r ec t iona l  
s t s b i l i t y  predicted by reference 2 i s  apparent ( f i g .  23) .  
Ef fec t  of d i s t r ibu t ion  of v e r t i c a l - t a i l  area.-  I n  comparing v e r t i -  
c a l  ta i ls  3a and 3b, it i s  necessary t o  make ~ 1 1 ~ v a n c e s  f o r  the  f a c t  
that  t a i l  jb 'has only 70 percent of the  area of t a i l  3a ( t h i s  difference 
i n  area i s  primarily i n  the  lower-vertical  t a i l ;  lower-vertical  t a i l  3b 
has only 62 percent of the  area of lower-vertical  t a i l  3a) and t h a t  the  
dive brakes on t a i l  3b are set a t  15' whereas those on 3a a r e  set a t  5 O .  
These differences tend t o  compensate each other with the  ne t  r e s u l t  
being the differences evident on figure 18. For v e r t i c a l  t a i l  3a the  
a rea  d i s t r ibu t ion  i s  55 percent upper and 45 percent lower, while fo r  
v e r t i c a l  t a i l  3b, the area d i s t r ibu t ion  i s  60 percent upper and 40 per- 
cent lower. The advantage of increasing lower-vertical  t a i l  area i s  
apparent when the  p rac t i ca l ly  constant l e v e l  of yawing moment with 
increasing CN 
with the  decrease i n  yawing moment with increasing angle of a t t a c k  f o r  
v e r t i c a l  t a i l  3b ( f i g .  18). 
( o r  angle of a t tack)  f o r  v e r t i c a l  t a i l  3a i s  compared 
The l imi ted  r o l l  data available f o r  v e r t i c a l  t a i l  3a ( f i g .  15) 
ind ica te  t h a t  the nearly symmetrical d i s t r ibu t ion  of v e r t i c a l - t a i l  area 
coupled with the  wing flow f i e l d  e f f ec t s  a t  the  higher angles of a t t a c k  
r e s u l t  i n  low values of r o l l  due t o  s i d e s l i p  throughout t he  angle-of- 
a t t a c k  range. 
CONCLUDING REMARKS 
An invest igat ion has been conducted i n  t h e  Langley high Mach number 
The r e su l t s  ind ica te  t h a t  i n  general  the  sta- 
j e t  on several  preliminary models of the  X-15  research airplane a t  Mach 
numbers of 2.98 and 4.01. 
b i l i t y  cha rac t e r i s t i c s  of configuration 3 were sa t i s f ac to ry  and t h a t  
8 
shortening t..e leading edges of the side fairings and chang-ng the see- 
tion of the horizontal tail from a modified NACA 66-005 to a wedge sec- 
tion resulted in appreciable longitudinal stability increases. Similarly, 
increasing the amount and proportion of the ventral-tail area and using 
a wedge section on the upper and lower vertical tail improved the yawing- 
moment characteristics throughout the angle-of-attack range. 
Langley Research Center, 
National Aeronautics and Space Administration, 
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APPENDIX 
NORTH AMERICAN DESIGNATIONS FOR CONFIGURATIONS 
9 
The various models described in this report have been tested in 
other research facilities. For the purpose of facilitating comparisons 
of the configuration identities used herein with the identifications 
used by North American Aviation, Inc., the following information is 
pertinent: 
North American designation 
. . . . . . . . . . . . . . . . . . . .  Configuration 1 BwxHwL . . . . . . . . . . . . . . . . . . .  Configuration 2a B2w$3HJvU,vL 
Configuration 2b . . . . . . . . . . . . . . . . . . .  B2W$3H2Vu2VL 
Configuration 3a B2W’2?4H3VU 3vL7 
Configuration 3b B2W2%H3vU8vL9 
. . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  
These letter designations are associated with the airplane components as 
follows : 
B . . . . . . . . . . . . . . . . . . . . .  Body without side fairings 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Wing 
X . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Side fairings 
H . . . . . . . . . . . . . . . . . . . . . . . . . . .  Horizontal tail 
V u  . . . . . . . . . . . . . . . . . . . . . . . .  Upper vertical tail 
VL . . . . . . . . . . . . . . . . . . . . . . . .  Lower vertical tail 
For the first configuration, no number subscripts were used, but all 
further changes in any component were identified by use of a new sub- 
script number. Thus, for example, X4 is the side fairing after four 
changes . 
10 
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T U  I 
GEOMETRIC CHARACTERISTICS OF x-15 CONFIGURATIONS 
Wing: 
. . . . . . . . . .  Area (including area submerged i n  fuselage), sq i n .  
Span, i n .  
Equivalent t i p  chord, i n .  
Fuselage mold l i n e  with side f a i r ings  




. . . . . . . . . . . . . . . . . . . . . . .  o .716 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mean aerodynamic chord, i n .  . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . .  2.639 
Configuration 1 . . . . . . . . . . . . . . . . . . . . .  Modified NACA 66-005 
Leading-edge radius: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A t r o o t  0.004 A t t i p  0.001 
Configurations 2a, 2b, 3a, and 3b . . . . . . . . . . . .  Modified NACA 66-005 
A t r o o t  0.014 
A t t i p  0.008 
0.20 Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.5 
36.75 
23.64 Sweep of c/4 l i ne ,  deg . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 
Dihedral, deg 0 
0 
Leading-edge radius: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  
Sweep of leading edge, deg 
Imldence a t  fuse-kge center l i ne ,  deg 
Geometric t w i s t ,  deg 
. . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . .  
Horizontal t a i l :  . . . . . . . . . .  Area (including area submerged i n  fuselage), sq in .  
Span, in . :  
6.643 
4 .OgO . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Configuration 1 
Configurations 2a, 2b, Ja,  and 3b 4 -339 
Mean aerodynamic chord 1.69 
F a i r i n g m o l d l i n e  1.658 
0.506 Equivalent t i p  chord . . . . . . . . . . . . . . . . . . . . . . . . . .  
A i r f o i l  section: 
Configuration 1 . . . . . . . . . . . . . . . . . . . . .  Modified NACA 66-005 
Leading-edge radius : 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A t r o o t  0.003 A t t i p  0.001 
A t r o o t  0.010 
A t t i p  0.005 
Configurations 2a, 3a, and Jb . . . . . . . . . . . . . .  Modified NACA-66-005 
Leading-edge radius: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Configuration 2b . . . . . . . . . . . . . . . . . . . . . . . . . . .  10' wedge 
0.010 






. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A t r o o t  
Taper r a t i o  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sweep of leading edge, deg 
Sweep of c/4 l ine,  deg . . . . . . . . . . . . . . . . . . . . . . . . .  
Dihedral, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . .  
-15 .OO 
Vert ical  t a i l  (upper) : 
Area (exposed), sq i n .  : 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . .  
2 - 175 Configuration 1 
Configurations 2a and 2b 2.154 . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.342 Configuration 3a 
1.777 Configuration 3b . . . . . . . . . . . . . . . . . . . . . . . . . . .  
11 
12 
I '  
TABLE I.- Concluded 
GEOMETRIC CHARACTERISTICS OF x-15 CONFIGURATIONS 
Span (exposed), in.: 
Configuration 1 . . . . .  
Configurations 2a and 2b 
Configuration 3a . . . .  
Configuration 3b . . . .  
Configuration 1 . . . . .  
Configurations 2a and 2b 
Configuration Ja . . . .  
Configuration 3b . . . .  
Configuration 1 . . . . .  
Configurations 2a and 2b 
Configuration 3a . . . .  
Configuration 3b . . . .  
Sweep of leading edge, deg: 
Configuration 1 . . . . .  
Configurations 2a and 2b 
Configuration 3a . . . .  
Configuration 3b . . . .  
Configuration 1 . . . . .  
Configurations 2a and 2b 
Configuration 3a . . . .  
Configuration 3b . . . .  
Taper ratio (exposed) : 
Aspect ratio (exposed) : 
Airfoil section: 
. . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  
. . . . . .  
. . . . . .  . . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  . . . . . .  
. . . . . .  
10' double 
. . . . . .  
. . . . . .  
. . . . . .  
. . .  1.654 . . .  1.654 . . .  1.10 . . .  1.11 
. . .  0.288 
. . .  0.273 . . .  0.738 . . .  0.435 
. . .  1.256 
. . .  1.269 
. . .  0.517 
. . .  0.694 
. . .  32.67 
. . .  32.67 
. . .  30.20 
. . .  46.33 
wedge (modified) 
. . .  loo wedge 
. . .  loo  wedge 
. . .  10' wedge 
Vertical tail (lower) : 
Area (exposed), sq in. : 
Configuration 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Configurations 2a and 2b . . . . . . . . . . . . . . . . . . . . . . .  
Configuration 3a . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Configuration 3b . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Configuration 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Configurations 2a and 2b . . . . . . . . . . . . . . . . . . . . . . .  
Configuration 3a . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Configuration 3b . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Configuration 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Configurations 2a and 2b . . . . . . . . . . . . . . . . . . . . . . .  
Configuration 3a . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Airfoil section: 
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Configurations 2a, 2b, 3a, and 3b . . . . . .  
Distance from nose to moment reference (0.25:), 
Configuration 1 . . . . . . . . . . . . . . .  
Configurations 2a, 2b, 3a, and 3b . . . . . .  
configurations 2a, 2b, Ja, and 3b . . . . . .  
Fineness ratio (without fairings) : 
. . . . . . . . . . . . .  11.76 
. . . . . . . . . . . . .  1.06 . . . . . . . . . . . . .  1.12 
. . . . . . . . . . . . .  11.08 . . . . . . . . . . . . .  10.5 
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Wing sect ions (NACA) 
Configuration Section L.  E.R. (root) L. E .R .  (tip) 
1 Modified 66-005 ,004 .001 
2 Modified 66-005 .014 .008 
3 Modified 66-005 .014 .008 
t 
See table A i
Section A-A 
Modfied 36-005 wing section. 
TABLE B 
Horizontal-tail sections (NACA) 
Configuration Section L . E . R .  (root) L. E .R .  (tip) 
1 Modified 66-005 .003 .001 
2 a  Modified 66-005 .o 10 .005 
3 Modified 66-005 .010 .005 
2 b  10' wedge .010 .006 
See table B L 
Section C-C 
10' wedge horizontai-tail section. 
Configuration Zb 
See table B 
Section E-B 
Modified ,56-Xi h o r i z o n t a ~ t a i ;  section 
C:)nCig;lratinr, 2a 
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41 
6 M = 2.98; R = 2.6 x 10 . (a) 
Figure 8.- Comparison of the effects on the aerodynamic characteristics 
of configuration 1 of removing the tails and of removing the wing 
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(b) M = 4.01; R = 4.0 x 10 6 . 
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'dmg S" 
(b) M = 4.01; R = 4.0 x 10 6 . 
Figure 9.- Effects of various tail combinations on the longitudinal sta- 












(a) M = 2.98; R = 2.6 x 10 6 . 












(b) M = 4.01; R = 4.0 x 10 6 . 
gle on the longitudinal stability 
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(a) M = 2.98; R = 2.4 x lo6; p = 0 0 . 
Figure 11.- Comparison of the effects on the aerodynamic characteristics 
of configuration 2 of removing the tails and of removing the wings 
























3 Complete conf igu ra t ion  
l l Horizontal and v e r t i c a l  t a i l s  off 
b Wing and hor i zon ta l  and v e r t i c a l  tails off 
0 4 p 1.2 
CL 
(b) M = 2.98; R = 2.4 x lo6; c3 = -5'. 
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( c )  M = 4.01; R = 3.7 x 10 6 ; complete configuration. 
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Figure 12.- Effects of various tail combinations on the  longitudinal 
stauility characteristics of configuration 2. 
6- = 20'; B = 0'; horizontal t a i l  2a. 
6b,u = 20'; 
0 , l  
(a) M = 2.98; R = 2.4 x 10 6 . (b) M = 4.01; R = 3.7 x 10 6 . 
Figure 13.- Effect of dive brake angle on the longitudinal stability 
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Figure 14.- Effect of horizontal-tail section on the aerodynamic char- 
= 200. 
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Figure 15.- Effect of sideslip angle on the aerodynamic characteristics 
of configuration 3. 6b,u = 50; F ~ , ~  = 50; M = 2.98; R = 2.7 x 106; 
vertical tail 3a. 
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Figure 16.- Comparison of the effects on the aerodynamic characteristics 
of configuration 3 of removing the tails and of removing the wing and 
tails. = 5'; M = 2.98; R = 2.7 x 10 6 ; vertical 
tail 3a. 
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(a) Configuration 1. 
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(b) Configuration 2. 
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Figure 20.- Variation of the longitudinal stability with angle of attack 
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(b) Configuration 2. 
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Figure 21.- Effect on the longitudinal stability of opening the dive 
brakes. p = 0 . 0 
60 
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(a) Configuration 2, horizontal (b) Configuration 2, horizontal 
tail 2a; 14 = 2.98. tail 2a; M = 4.01. 
Figure 23.- Effect on the lateral and directional stability of opening 
the dive brakes. 
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